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The novel 5-halogeno-3'-nuoro-2',3'-dideoxyuridines particularly FddClUrd, FddBrUrd, FddlUrd and FddFUrd proved 
antivirally effective in several in vitro systems (i.e. HIV-1 replication in MT4 and HUT-78 cells and HIV-2 replication in MT4 
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5-Halogeno-3'-fluoro-2',3'-dideoxyuriditie compounds and 
their therapeutic application 



10 



This invention relates to novel 5-halogeno- 
3 '-f luoro-2' ,3 '-dideoxyuridine compounds, namely 
5-chloro-3 '-f J.uoro-2 ' ,3 '-dideoxyuridine (FddClUrd), 
5-brpmo-3'-fluoro-2' ,3'-dideoxyuridine (FddBrUrd) , 
5-iodo-3 •-fluoro-2', 3 '-dideoxyuridine (PddlUrd), and 
5-fluoro-3 '-fluoro-2' ,3 '-dideoxyuridine (FddFUrd) and 
to their application as a novel therapeutical agent for 
treating AIDS, AlDS-related diseases and other retrovir«,l 
diseases including hepatitis B, 

Since the advent of the acquired immunodefi- 
ciency syndrome (AIDS), many efforts are conducted 
world-wide to develop novel and selective inhibitors 
of human immunodeficiency virus (HIV) replication in 
vitro, 2',3'-Dideoxynucleoside analogues belong to ci 
15 attractive class of anti-HIV compounds, several members 
of which are currently subject to clinical trials Q-e. 
3'-a7.ido-2',3'-dideoxythymidine {AzddThd, AZT, Retr ovi rf' ) , 
2',3 '-dideoxycytidine (ddCyd), 2 ' ,3 '-dideoxyadenosine 
(ddAdo), 2',3' -dideoxyinosine (ddIno)3 (for an overview, 
20 De Clercq, E. Perspectives for the chemotherapy of AIDS, 
Anticancer Res . 7: 1023-1038 (1987); De Clercq E. et al., 
Anti-HIV-1 activity of 2 • ,3 •-dideoxynucleoside analogues; 
structure-activi\.y relationship. Nucleoside s & Nucleotides , 
in press (1988). Recently, we synthesized the 3'-fluoro- 
25 substituted derivatives of 2 3 '-dideoxyuridine (PddUrd), 
2' ,3 '-dideoxythymidine (FddThd), 5-ethy 1-2 • ,3 '-dideoxy- 
uridine (FddEtUrd) and ddCyd (FddCyd) and compared 
their antiretroviral activities and antitnetabolic 
properties (Balzarini, J. et al . , Anti-retrovirus 
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activity of 3'fluoro- and 3 ' -^azido-substituted pyrimidine 

2 ' ,3 *-dideoxynucleoside analogues, Biochem . Pharmacol . 

37: 2847-2856 ("^988). We found that FddThd and FddUrd belonged 

to the most potent anci-HIV compounds among the pyrimidine 

2* ,3 '-dideoxynucleoside analogues. 

During extensive research for new potential 
inhibitors of' AIDS, AIDS-related diseases and retroviral 
diseases we found that 5-halogeno-sabstituted FddUrd 
derivatives were potent inhibitors of HIV-1 and HIV-2 
replication in MT4 and HUT-78 cells 150% effective dose 
{ED50) for HIV-1 in MT4 cells: 0,1-0,5 uM^. Moreover, 
due to its poor cytostatic activity, PddClUrd C50% 
cytostatic dose {CD50): 535 phG emerged as the most 
selective anti-HIV agent among the 5-halogeno-substituted 
FddUrd derivates. 

5-Chloro-3 "-f luoro-2 ' , 3 '-dideoxyur idine 
(FddClUrd) represented by the following chemical 
formula (I) 

0 




(I) 



FddClUm 



was synthesized by acylating 3 •-fluoro-2' ,3 '-dideoxy- 
uridine (FddUrd) represented by the following chemical 
35 formula (II) 
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F 

FddUrd 

with acetic anhydride in pyridine for 2 h at room 
temperature, after which the mixture was evaporated and 
coevaporated twice with toluene to remove excess anhydride 
and acetic acid. The residue was taken up in pyridine, 2 eq 
of chlorosuccinimide were added and the mixture heated for 
45 min at lOQOC (colouring dark brown). Evaporation yielded 
an oil which was treated overnight at room temperafire with 
a saturated solution of ammonia in methanol. Evaporation 
resulted in a brown foam which was purified by column 
chromatography yielding PddClOrd. (Reaction with chloro- 
succinimide in glacial acetic acid affords the title 
compound in lower yield). Physical properties of FddClUrd 
are as follows: 

13c NMR (DMSO-d^)/ : 37.7 (C-2', 20.8 Hz); 60.8 (C-5', 

9.8Hz)? 84.8 (C-l-); 85.3 (C-4', 23.2 Hz); 94.7 (C-3', 
(174.6 Hz); 107.6 (C5); 137.5 (C-6); 149.5 {C-2); 
158.9 (C-4). . . 

1h NMR (DMSO-d^ ) c;^ .: 2.01-2.63 (m, H-2 ' + H-2 ' • ) ; 

3.65 (m, H-5' + H-5"); 4.21 (dt, H-4 ' , J = 3.5 Hz, 
J4',P = 27.3 Hz); 5.30 (t, 5'-0H, exchangable 
D20); 5.3^ ^(dd, H-3', J = 4 Hz, J35,p =54.4 Hz); 
6.18 (t, H-T, J = 7.2 Hz); 8.24 (s, H-6); 
11.80 (brs, N-H, exchangable D2O). 
mp. (aceton-PE) : 181oc (melt. + dec.) 
C9Hlo04N2FCl 264.65 

MS : 264 (M+), 147 (B+H2), 146 (B+H), 119 (sugar, 100%), 

99 (sugar-HF). 
UV : 276.5 nm (£ = 8650). 
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5-Bromo-3 '-fluoro-2' ,3 '-didtjoxyuridine 
(FddBrOrd) represented by the following chemical 
formula (III) 
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FddBrilrd 

20 

was orenared accorcling to tv/o different 

procedures. In the first procedure, the same modus operandi 
was followed as for the synthesis of PddClUrd, except that 2 
25 eq of bromosuccinimide were added and the reaction 

performed in either glacial acetic acid or preferably in 
anhydrous pyridine. In the second procedure, PddUrd was 
dissolved in pyridine and 1.3 eq of a bromine solution in 
carbon tetrachloride were added. The reaction was stirred 
30 for 2 h at room temperature when TLC indicated complete 
reaction. Evaporation and chromotographic purification 
afforded the title compound in excellent yield. Physical 
properties of FddBrOrd are as follows: 



35 
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13c NMR (DMS0-d6)^: 37.9 (C-2., 19.5 Hz); 51.3 (C-5); 60.8 
. (C-5', 12.2 Hz); 84.8 (C-1'), 85.3 (C-4 ' , 23.2 H.); 94.8 
(C-3', 174.6 Hz); 140.1 {C6); 149.9 (C-2); 159.1 (C-4) 
iH NMR (DMS0-d6)O^ : 2.27-2.60 (m, H-2 • + H-2 ' • ) ; 
5 3.64 (m, H-5' +H-5"); 4.20 (dt, H-4', 

J4',F = 26.3 H2); 5.30 (t, 5'-0H); 5.3l' (dm, H-3 ^ 
J3\f = 53,6 Hz); 6.17 (dt, H-1'); 8.32 (s, H-6); 
11.81 (brs, N-H). 
mp. (MeOH-EtOAC) : 154-1550c (dec.) 
15 C9HioN204PBr 309.1 

MS : 308 („+,, 191 (B+Hj), 190 (B+H), 119 (sugar, 100%), 

99 (sugar-HF). 
UV : 278 nm {£= 8650). 



5-Iodo-3'-fluoro-2',3'-dideoxyuridine 
(PddlUrd) represented by the following chemical formula 
(IV) 
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was prepared from PddUrd. Therefore, 

FddUrd was dissolved in methanol and 1.5 eq of a stock 
solution of iodine monochloride in methanol were added. The 
mixture was heated at reflux temperature for 3 h and 
subsequently evaporated, and coevaporated several times with, 
methanol. Chromotographic purification afforded the title 
compound in moderate yield. Physical properties of FddlUrd 
are as follows: 

13c NMR (DMS0-d6)c/: 37.8 (C-2', 20.8 Hz); 60.8 {C-5', 

9.B HZ); 69.9 (C-5); 84.6 (C-T); 85.2 (C-4', 23.2 Hz); 
94.8 (C-3', 173.3 Hz); 144.8 (G-6); 150.1 lC-2); 
160.4 (C-4). 

1h NMR (DMS0-d6)<^ : 2.06-2.63 (m, H-2 • + H-2 ' ' ) ; 3.6.5 
(m, H-5' + H-5"); 4.19 (dt, H-4\ JaSf = 27.3 Hz); 
5.27 (t, 5'-0H); 5.29 (dm, H-3 ' , J3',F = 53-9 Hz); 
6.16 (dt, H-V); 8.34 (s, H-6); 11.69 (brs, N-H). 
mp. (MeOH-EtOAc) : 1 59-1 SQOC (dec . ) 
CqHtoN204FI 356. 1 

MS : 356 (M+), B+H (238, 100%), 119 (sugar), 99 (sugar-HF). 
UV : 284 nm (broad max) (EL= 7200). 

FddPUrd was prepared using similar preparative 

methods. 

PddClUrd, FddBrUrd, and FddlUrd will be compared 
with PddUrd, FddThd and AzddThd. The latter known 
25 compounds were prepared according to previously published 

methods (Herdewijn, P. et al. 3 -Substituted 2 • ,3 '-dideoxy- 
nucleoside analogues as potential anti-HIV (HTLV-III/LAV) 
agents. J. Med. Chem. 30; 1270-1278 (1987); 
Horwitz, J. P. et al. Nucleosides. V. The monomesylates 
30 of i-(2'-deoxy-B-D-lyxofuranosyl)thymine. J. Orci. Chem. 
29; 2076-2078 (1964); Herdewijn, P. et al. Synthesis of 
nucleosides fluorinated in the sugar moiety. The application 
of diethylaminosulfur trifluoride to the synthesis of 
fluorinated nucleosides. Nucleosides & Nucleotides , 

35 in press (1988). 

All reagents used were of the highest quality 

obtainable. 
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Radiochemicals - (Methyl -3H )dThd (specific 
radioactivity 40 Ci/mmol ) and iS-^HjdCyd (specific 
radioactivity 20 Ci/mmol) were obtained from the 
Radiochemical Centre Amersham (Amersham, U.K.), whereas 
(5-3H)dUrd was from ICN Pharmaceuticals (Irvine, CA). 

Cells . MT4, HUT-78, Raji/0 and Raji/TK" cells 
(a dThd kinase-def icient mutant cell line derived from 
wild-type Raji/0 cells) were grown as described previously 
(Balzarinir 1988). Characterization of the Raji/0 and 
Raji/TK" cells has been described earlier (Balzarini, J. 
' et al. Role of thymidine kinase in the inhibitory 

activity of 5-substituted-2 '-deoxyuridines on the growth 
of human and murine tumor cell lines. Biochem . Pharmacol . 
15 31:1089-1095 (1982)). Molt/B cells were cultured in the same 
medium as described for MT4. 

Viruses , HTLV-IIIq (designated HIV) were 
derived from a pool of American patients with AIDS, and 
obtained from the supernatant of HIV-infected H9 cell 
cultures (Popovic, M» et al. Detection, isolation, and 
continuous production of cytopathic retroviruses (HT'LV-III) 
from patients with AIDS and pre-AIDS. Science 224:497-500 
(1984). LAV-2 (designated HIV-2) was obtained from 
25 Dr. L. Montagnier, Paris, France. Moloney murine sarcoma 
virus (MSV) was prepared from tumors induced by in vivo 
infection of 3 days old NMRI mice according to the procedure 
described by De Clercq, E. at al. Moloney sarcoma virus- 
induced tumors in mice: inhibition or stimulation by 
30 (PolyrI ) . (polyrC ) . Proc . Soc. Exp. Biol . Med . 137:590-594 
(1971 ) . 

Therapeutic compositions containing FddClUrd, 
FddBrDrd, or FddlUrd respectively as an active ingredient 
for treating AIDS in human practice may take the form of 
35 powders, suspensions, solutions, sprays, emulsions, unguents 
or creams and may be used for local application, for 
intranasal, rectal, vaginal and also for oral or parenteral 
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( intravenous r intradermal, intramuscular, intrathecal etc.) 
administration. Such compositions may be prepared by 
combining (e.g. mixing, dissolving etc.) the active 
ingredient with pharmaceutically acceptable excipients of 
5 neutral character (such as aqueous or non-aqueous solvents, 
stabilizers, eroulsifiers, detergents, additives), and 
further, if necessary with dyes and aromatizers* The 
concentration or the active ingredient in the therapeutic 
composition may vary widely between 0,1% and 100%, dependent 

10 on the mode of administration. Further, the dose of the 

active ingredient to be administered may vary between 0. 1 mg 
and 100 mg per kg o^ body weight. 

The pharmaceutical properties of the novel 
5-halbgeno derivates of FddUrd, notably their anti- 

15 retroviral effects, especially HIV, are documentated by 
the following examples which should not be read in a 
restrictive sense. 
Example 1 

Inhibitory effects of FddClUrd, PddBrUrd and FddlUrd 
20 on HIV- 1 -induced cytopathogenicity in MT4 cells. 

Human T-lymphocyte MT4 cells (5 x 10^ cells/ml) 
were suspended in fresh RPMI-1640 culture medium (Gioco) 
containing 10% v/v fetal calf serum (Gibco), 2 mM L-glutamine 
(Flow Laboratories), 20 mM Hepes buffer, 0.075% (w(v) NaHC03 

25 (Flow Laboratories), 2.5 pg/ml Fungizone (Squibb N.V., 
Brussels, Bel^^ium) and 20 yg/ml Geomycine (Essex N.V., 
Heist-o/d-Berg, Belgium), and infected with 200 CCID50 (pell 
culture infective dose-50) HIV-1 or HIV-2 per ml cell 
suspension. Then 100 pi of the infected cell suspension 

30 is added to 100 pi of an appropriate dilution of test 
compound in 200 jil microplate wells of a Flat Bottom 
Microtest III Plate (Falcon, Becton Dickinson, Oxnard, CA) 
(i.e. 20 CCID50 HIV/200 pi well/5 x 10* cells), and furtner 
incubated at 37° in a C02-controlled humidified atmosphere. 

35 After incubation for 5 days, viable cell counts were 

determined for both virus-infected cell cultures and non- 
infected cell cultures (which had been incubated with the 
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same concentramn of compounds as the virus^fected 
cells). The 50 % effective dose (ED50) and 50 % cytotoxic 
dose (CD50) were defined as the compound concentration 
required to reduce .by 50 % the number of viable cells in the 
5 virus-infected and non-infected cell cultures, respectively. 
As shown in Table 1 and the single Figure, 
as a rule, FddClUrd, FddBrUrd and FddlUrdwere 4- to 10-fold 
less active as antiviral agents than the parent compound 
PddUrd. Their 50 %-effective doses (ED50) ranged betveen 
0.16 and 0.41 uM. The 5-halogeno-substituted PddUrd 
derivatives were also effective against HIV-2 replication 
in HT4 cells (data not shown). However, mar)ced 
differences were noted in the cytotoxic properties of the 
compounds against MT4 cells. With a CD50 (50 %-cytotoxic 
15 dose) of 1.0 and 2.2 pM, PddOrd, and PddlUrd wece 

the most potent, and with a CD50 of 535 pM, PddClOrd was 
the least potent inhibitor of mt4 cell prolif eration- 
PddBrUrd proved modestly cytotoxic to MT4 cells 
<CD5o : 24 pM). Consequently, the selectivity index 
(S.I.) of the 5-halogeno-substituted PddUrd derivatives 
varied markedly from one to the other. PddClUrd was endowed 
with the greatest S.I. (1446) and PddlUrd had the lowest 
S.I. (14). Thus, PddClUrd is remarJcably superior to the 
other 5-halogeno-substituted FddUrd derivatives in its 
25 anti-HIV-1 activity. Although 100-fold more effective 
than PddClUrd in inhibiting the cytopathogenicity of 
HIV-1 in MT4 cells, AzddThd proved also ^100 fold more 
cytotoxic for the uninfectd MT4 cells than PddClOrd. 
Consequently, PddClUrd had a S.I. comparable to that of 
AzddThd. On the other hand, PddThd, which is an extremely 
effective agent against HIV replication in MT4 cells, 
was at least 1000-fold more toxic than PddClUrd, resulting 
in a 7-fold lower selectivity index than that observed 
for FddClUrd. 
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Example 2 

Effect of dThci, dCyd and Urd on the anti-HIV activity 
of the 5-hal oqono-.subr.titut(.*d Fddlird dor ivativ(»<3 in MT4 rolls 
MT4 cells {10^ cells/ml) were suspended in 
5 culture medium as described above, and infected with 200 
CCID50 HIV-1 per ml cell suspension. The 50 pi of the 
infected cell suspension was added to 100 pi of an 
appropriate dilution of test compound and 50 pi of medium 
containing 25 pM dThd, 1000 pM dCyd or 250 pM dThd + 

10 1000 pM dCyd in 200 pi microplate wells. After incubation of 
5 days, viable cell counts were determined as described 
above. If intracellular phosphorylation by dThd kinase of 
PddOrd and its 5-halogeno-substituted congeners is 
prerequisite for their anti-retrovirus and cytotoxic 

15 activity, the addition of high concentrations of dThd should 
prevent the biological acxivity of the PddUrd derivatives. 
Indeed, addition of 250 pM dThd (in the presence of 1000 pM 
dCyd to avoid cytotoxicity of dThd) resulted in a marked 
decrease of the anti-HIV-1 activity of PddUrd and its 

20 5-^halogeno-substituted congeners by more than 2 to 3 

orders of magnitude (Table 2). Also, a dramatic decrease 
of the selectivity index was observed. Combination of the 
compounds with low concentrations of dThd (25 uM) resulted in 
a 2- to 7-fold decrease of the antiretroviral activity of 

25 the PddUrd analogues. Addition of uridine (Urd) (1000 pM) did 
not remarkably affect the selectivity of PddUrd, PddBrUrd and 
PddlUrd. However, in the presence of Urd, the selectivity 
of PddClUrd decreased while that of AzddThd increased. 
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Table 2. Anti-HlV effect of 5-halogen-substil.ute<1 Fdt\Uid detivatwes 



Compound 


Upon addition of 


a 


b 


(yiiM) S.I. 


c 


F aaura 




0 04 


0 95 


24 










S 9 


66 






dCyd (1000 >uM) 


7.6 


79 


10 






dThd (250/iM)+dCycl (1000/aM) 


>500 


>500 








ura \iuuu /jn) 


1 Q 


4d0 
T ■« u 


23 




FaaClura 






^ J .J 


1408 










442 


177 






dCyd (1000 ;aM) 


11 


789 








dThd (25(jAaM)+dCyd (100()^M) 


52 


500 


10 






n-r-/^ finnn aim) 




>A000 


^192 




FddBrUrd 








59 
-J ^ 






aTna i / d /im ; 






X u ^ 






dCyd (1000 AIM) 


23 


370 


16 






dThd (250 /iM) +dCyd (lOOO^iM) 


140 


135 


0. 


96 




Urd (1000 /iM) 


4 . / 




XUU 




FddlUrd 




U « XD 


9 9 


1 4 
X 4 






dThd (25 pM) 


U . Z D 


• 1 •7 
X • / 


/ 






dCyd (1000 /iM) 


8.0 . 


71 


9 






dThd (250 /iM) +dCyd (1000/iM) 


360 


>500 


1. 


4 




Urd (1000 /iM) 


10 


135 


14 




AzddThd 




0.003 


4.8 


1600 






dThd (25>iM) 


0.006 


7.0 


1167 






dCyd (1000 /iM) 


0.035 


66 


1886 






dThd (250 /iM) +dCyd (500/iM) 


29 


>400 


>14 






Urd (1000 yuM) 


0,02 


134 


6700 





^50% effective dose. 



50% cytotoxic dose, 
^selectivity index or ratio of CD^Q/EDgQ. 
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Example 3 

inhibitory effects of PddclOrd, FddBRUrd. and PddlUrd on the 
expression of viral a„tigens in HIV-,-i„,ected HUT-7e 

cells. 



In a third set of e,perl„,ents, anti-HIV-1 
act.v.ty Of the test compounds was also determined by 

.f er HIV-, x„fect.o„. indirect l«u„of luorescence, using a 
polyclonal antibody as probe, and laser flow cytcfluorooranh 
analyses (P.CS^R R, Bectoh Dickinson, „ere used for th! 
determination of antigen-positive cells. flUT-78 cells were 
xnfected -with HIV-, at ,000 CCXD50/.I and three quarters !f 
the culture medium were replenished every 4th day 

1" fable , PddUrd was slightly more 

Z : " " '"''"^'^ ^«BrUrd 

EDso : 0.8, ,.6 and 2.4 „„, respectively,. rddlUrd was 

ess potent inhibitor o, HIV-, antigen expression in HUT-78 

cells than FddUrd (EDcn . 7 o . ^ 

be ^50-fold more effective than PddClUrd as an anti-HIV-l 
a.ent xn HUT-78 cells. It is noteworthy that none of the - 
halogeno-substituted PddUrd derivatives proved significantly 
cytostatic to HUT-78 cells at 50 uM. gniticantly 



Example 4 

Inhibitory effects of PddClUrd, PddBrOrd, and PddlORd c„ 
HIV-1 induced cell fusion. 

,n ,nn , °^ ""^^ test compounds were diluted 

in 200 ul microplate wells of a Plat ro«.*.«™ • 

^ rxat Bottom microtest ttt 

ate (Palcon,. Then S x ,o4 HxvM-i„fected „u.-, e, were 

5 X ,04 „„u/8 cells, to yield a final volume of 200 ul The 
mixed cell culture was then incubated at 370c in a 
C02-controned humidified atmosphere. In this system, 
uninfected cells ar*. • ... ya^-em, 

ceils are able to interact with viral proteins 
expressed on the surface of the htv i < * ^ . 

°^ ^'ie HIV-1 -infected HUT-78 cells 
leading to syncytia formation within a few hours of 
cocultivation. The first visible syncytia appear as soon as 
5 hrs after cocultivation, and 20 hrs later an 



wo 90/03978 ^ " " ^ PCr/EP89/01180 



abundant number of syncytia were present in the cell 
cultures • 

None of the 5-haloQeno-substituted FddUrd 
derivatives/ including the parent FddUrd, and also BVldThd and 
5 AzddThd, showed any protective effect to the coculture at a 
concentration as high as 50 pM (data not shown). 

Example 5 

Transformation of C3H mouse embryo fibroblasts by Moloney 

10 murine sarcoma virus (MSV), 

C3H cells were seeded at 20,000 cells 
per ml into wells of Costar Tissue Culture Cluster plates {48 
wells per plate). Twenty-four hours later, cell cultures were 
infected by 80 foci-forming units of MSV during 120 min 

15 whereafter the culture medium was replaced by 1 ml fresh 
medium containing different concentrations of the test 
compounds. After 6 days, the transformation of the cell 
cultures was examined microscopically. 

None of the 5--halogano-substituted FddUrd 

20 derivatives, including the parent FddUrd, were endowed with a 
marked anti-MSV activity (ED50 :»100 pM) (Table 1). In 
contrast, AzddThd and FddThd were extremely effective 
in inhibiting the retrovirus-induced transformation of the 
murine cells (ED50 : 0,02 and 0.06 pM, respectively). 

25 

Example 6 

Inhibition of Ll2l'o/0, L1210/TK-, Raji/0 and Raji/TK" cell 
proliferation. 

All assays were performed in flat bottom 

30 Microtest III Plates (96 wells) (Falcon) as previously 

described. Briefly, the cells were suspended in growth medium 
and added to the microplate wells at a density of 5 x 10^ 
L1210 cells/well (200 pi) or 7.5 x 10* Raji cells/well in the 
presence of varying concentrations of the test compounds. 

35 The cells were then allowed to proliferate for 48 and 96 hrs 
for L1210 cells, and 72 and 120 hrs for Raji cells at 37^ in 
a humidified, C02-'contr oiled atmosphere. At the end of the 
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incubation period, the cells were counted in a Coulcer 

Counter (Coulter Electronics Ltd., Harpenden, Herts, U.K.). 

The 50% inhibitory dose (ID50) was defined as the " 

concentration of compound .that reduced the number of cells by 
50 %. - ■ ' 



The proliferation of murine L1210/0 and 
L1210/TK-, and human Raji/0 and Raji/TK" cells was not 
markedly affected by the test compounds at 500 uM (Table 3) 
suggesting a cell-type dependent cytotoxic potential of the' 
5-halogeno-substituted Pdd analogues i.e., FddBrUrd and 
FddlUrd. 



Table 3. cytostatic. effect of 5-hal.ogeno-substituted FddUrd- 
derivatives 



L1210/0b L1210/TK-b Raji/QC Raji/TR-c „T-4d 



FddClUrd > 500 >500 >50o 



>500 >500 



FddBrUrd > 500 >500 > 500 >500 >500 

FddlUrd > 500 >500 >500 >5G0 ' 38 

FddUrd >500 .>500 >500 > 500 273 



FddThd 
AzddThd 



27 
49 



«50 % Inhibitory dose required to reduce the cell number by 50% 
t>Similar values were obtained after 2 and 4 days of r.ncubation 
^Similar values were" obtained after 3 and 5 days of incubation. 
"Values obtained after 3 days of incubation. 
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Example 7 

Interference of the 5~halogeno-substituted FddUrd 
derivatives with the phosphorylation of dThd by 
MT4 cell extracts. 

5 FddClUrd, FddBrUrd, FddlUrd and PddUrd were 

evaluated on their potential td inhibit Dnethyl -3 H"ldThd 
phosphorylation by MT4 crude enzyme extracts (Table 4). 

dThd kinase was prepared from exponentially 
growing MT4 cells, which were first washed (2x) with 

10 phosphate-buffered saline at 4°, suspended in buffer 
containing 10 mM potassium phosphate, pH 7.5 10 mM 
fl-mercaptoethanol artd 0.1 M KCl , and then homogenized 
at 25,000 g for 30 min. In the experiments, Q tLethyl -^H) dThd 
served as the radiolabelled substrate. The apparent Km and K 

15 values were derived from Lineweaver-Burk plots, using a 
linear regression analysis program. The assay proced!jre 
has been described in detail (Balzarini, J. et al.; 
5-Substituted 2 '-deoxyur idines : correlation between 
inhibition of tumor cell growth and inhibition of 
thymidine kinase and thymidylate synthetase. Biochem , 
Pharmacol / 31 : 3673-3682 (1982)). 
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Table 4. Inhibition of MT4 dThd kinase by 5-halogeno-substituted 
FddUrd analogues 





[JIM) 


K. /K 
1 m 


Type of inhibition 


FddClUrd 


3.14 


5.74 


competitive 


FddBrUrd 


3.86 


5.21 


competitive 


FddlUrd 


3.31 


4.47 


competitive 


FddUrd 


27.9 


50.8' 


competitive 



values obtained in the individual experiments ranged from 
0.6 to 1.1 jM. 



Table 5. Inhibitory activity of 5-halogeno-substituted FddUrd 

analogues on tritium release from [s-^fiJdUrd and 
[5--^H]dCvd in MT4 cells 

Compound ^^50^ ^f^^ 



[5-^H]dUrd [5-^H]dCyd 



FddClUrd 


287 ± 100 


>500 


FddBrUrd 


157 ± 82 


>500 


FddlUrd 


147 ± 62 


>500 


FddUrd 


^500 


>500 


FddThd 


29 ± 17 


>500 


AzddThd 


2.7 ± 1.3 


>500 



50% inhibitory dose required to reduce tritium release by 50%. 



SUBSTITUTE SHEET 



WO90/03978 ^ ^,3. # PCT/EP89/On80 

The procedure to measure tritium release 
from (5-3H)dUrd or (5.3H)dCyd in intact cells has been 
\ ^ nreviously (Balzarini, J. et al. Strategies 
described previously I ^^,^.^,,y effect of thymidine 

fnr the measurement of tne imii-uj. j . ^.^^4- 

.h. activity of thymidylate synthase m intact 

s ■ analoqs on the activity u*. j 

5 analog Biochim . Bio^hirs- Acta 

J=PP»priate ™ou„t oi test c»pcu„a for i. «n at 
,70 After this incubation period, radiclabelled 
,0 :U:a.rd or .S 3„... OOO nCi.. 0., »ere .^ed. an 

at various times (0, 15, JUr roq ul of cold 

. • v.,ro was withdrawn, and mixed with 500 ui or c 
„a=t.on u e »as w t ^^^^ ^^^^^ ^ ^_ ^^^^^ 

. ^rrrfratlon at ,000 , for ,0 „i.. ..pern.tante were 

15 analysed for radioactivity. ^^.^,^^i„ inhibited the 

All four compounds competitively innio 

v./K ratios were very similar for 
dThd kinase reaction. The ^i/'^™^^^ , 47, 

FddClUrd, FddBrUrd and FddlOrd 15.74, 5.21 and 4 47, 
Fdouiura, values suggest a potent 

respectively). Such low Ki/K„ values 
• V, Ki^orv effect of these compounds agaxnst dThd 
20 inhibitory 5-halogeno-substi'-uted 

phosphorylation. Most likely, t cytosol dThd 

vAAUra derivatives are good substrates for the cytos 
FddUrd, deriva ^^^^^ compounds 

" -se 0-r.ed f.r .^^^^^^^^^ ^^^^^^^^^ 

.nbstitutea .ddord derivatives a. weii - PddOrd « - -d 

30 nrr. - — - -Tt rrinirritrirai 

substrates for dThd kinase (Balzarin et f-J"^ 
.„a cytostatic activity, and metabolla,. of 3 -«iao 2 
and cytost ,,.,,„„,o-2-,3'-dideoxythymidine and 

dideoxythymiaine, 3 -fluoro i „„,,..t) 
2.,3.-diaeoxycytiaine are highly cell-type-dcpendent) 

were ^"^^ -^^^nttul release fro. CS-'H^aord ,ED,o = 2-7 

t:::' .aaci.rd, .aaBr^ra ana «dxora 
ch I'nllibitea .^i-H>a.ha p— -/ss 
3S efficiently than ..ddxhd and ; " 

^""""'^'^:«r^t::l:::t "1^^^^ 

147-287 uM). FddUrd, the least p , ,5_3H:jdard at 

J-;) affect tritium release, from 
kinase did not arreci 
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500 .uM. None of the test compoands evaluated affected tritium 
release from C5-3H3oCyd even at a concentration as high 
as 500 fiM (Table 5). 

The examples indicate that the 5-halogero- 
Hub.titut-cd derivatives of PddUrd are potont inhibi-ors 
Of HlV-1 and BIV.2 replication in vitro. The ED50 values for 
HIV-1 replxcation in MT4 cells ranked between 0.1 and 0.4 pM. 

n th.s respect, they are 50- to 100-fold less effective than 
AzddThd When evaluated in the same in vitro system. However, there 
are strxkxng differences in the toxicity of the compounds 
against HT4 cells. After 5 days of incubation, PddClUrd 
proved remarkably less cytotoxic to MT4 cells than the other 
PddUrd congeh-rs, including PddThd and AzddThd 
consequently, the selectivity index (ratio 50 % cvtotoxic 
do.se/50 % effective dose) of FddClUrd markedly ex^oded .hose 
of FddBrUrd, PdulUrd, FddUrd and rc3c!?:.v? fc. ^ - 



jrd-^ - . of 



"magnitude, and PddClUrd proved almost equally select ive 
an anti-HIV-1 agent in MT4 cells than AzddThd. 

With respect to their effect on syncytia formation 
none of the 5-halogeno-sabstituted PddUrd derivative, could 
prevent Hiv-1-„,ediated cell fusion. In this respect the test 
compounds behaved like AzddThd, whose mechanism of an^i- 
retroviral action is assumed to be due to a selective 
inhibition of reverse transcriptase (Purman, P.A. , 
Phosphorylation of 3 -azido-S .-deoxythymidine and selective 
interaction of the 5- -triphosphate with human immuno- 
deficiency virus reverse transcriptase, Proc. Natl. Acad 

Sci., USA, 83:8333-8337 (1986). Thus, the mechli^Ism ' 

of antiretroviral action for the 5-halogeno-substituted 
PddUrd derivatives is most likely similar to that of AzddThd. 

It IS interesting to note that the 5- 
halogeno-substituted FddUrd derivatives including 
PddUrd, are virtually inactive as inhibitors of MSV 
transformation of C3H cells. In contrast, PddThd and AzddThd 
are exquisitely effective as antiretroviral agent. <n th:. 
murine cell system. It is known that the 5 • -triphosphate 
metabolite of PddUrd has a much less affinitv for m.rine 
Rauscher leukemia virus reverse transcriptas^ than HIV 
reverse transcriptase; if these observations can be 
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extended to the 5-halogeno-substituted FddUrd analogues, 
our findings for the 5-halogeno-substituted FddUrd 
analogues can be explained. 
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WHAT WE CLAIM IS: 



1 . 5-Chloro-3 *-fluoro-2 ' ,3 '-dideoxyuridine. 

2. 5"Bromo-3 '-f luoro-2' ,3 '-dideoxyuridine. 

3. 5-Iodo-3'-fluoro-2',3'-dideoxyuridine^ 

4. 5-Pluoro-3'-fluoro-2",3'-dideoxyuridine. 
5 5, A therapeutic composition for use in the 

treatment of retroviral diseases including hepatitis B 
which comprises as an active ingredient a 5-halogeno-3 
-f luoro-2 • ,3 '-dideoxy uridine. 

6. A therapeutic composition as claimed in claim 5 
10 in which the active ingredient is selected from the group 

consisting of 5-chloro-3 '-f luoro-2 ' ,3 '-dideoxyuridine, 
5-bromo~3 *-f luoro-2 ' , 3 ' -dideoxyur idine, 5-iodo-3 '-^f luoro- 
dideoxyuridine and 5~f luoro-3 '-f luoro-2 ' ,3 '-dideoxyuridine. 

7. A therapeutic composition as claimed in claim 
15 5 comprising said active ingredient in a concentration 

ranging from about 0,1 - 100 % by weight. 

8. A therapeutic composition as claimed in claim 

I , having the form which is selected from the group 
consisting of powders r suspensions, solutions, sprays, 

20 emulsions, unguents and. creams, 

9. A therapeutic composition for use in the 
treatment of AIDS or AIDS-related diseases which comprises as 
an active ingredient a 5-halogeno-3 '-fluoro-2 ' ,3 '-dideoxy- 
uridine. 

25 10. A therapeutic composition as claimed in claim 9 

in which the active ingredient is selected from the group 
consisting of 5-chloro-3 •-fluoro-2' ,3 '-dideoxyuridi-»3, 
5-bromo-3 '-f luoro-2 ' , 3 * -dideoxyuridine , 5-iodo-3 '-f luoro- 
2 ■ ,3 '-dideoxyuridine and 5-fluoro-3 V-fluoro-2' ,3 '-dideoxyur idin 

11. A therapeutic composition as claimed in claim 
9 comprising said active ingredient in a concentration 
ranging from about 0.1 - 100 % by weight. 

12. A therapeutic composition as claimed in claim 

II, having the form which is selected from the group 
35 consisting of powders, suspensions, solutions, sprays, 

emulsions, unguents and creams. 
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13. A method for the treatment of a retroviral 
disease including hepatitis B which comprises administering 
to a patient suffering from the retroviral disease 
a 5-hal6geno-3'-fluoro-2' ,3'-dideoxyuridine. 
5 14. A method as claimed in claim 13 in which 

the 5-halogeno-3'-fluoro-2\3'-dideoxyuridine is 
selected from the group consisting of 5-chloro-3 '-f luoro-2' ,3 
dideoxyuridine, 5-bromo-3 '-f luoro-2 ' ,3 '-dideoxyuridine, 5- 
iodo-3 •-fluoro-2' ,3'-dideoxyuridine and 5-flupro-3'-fluorc- 

10 2 ' ,3 '-didoxyur idine. 

15. A method for the treatment of AIDS or AIDS- 

related diseases, which comprises administering to a patient 

suffering from AIDS and AIDS-related diseases 

a 5-halogeno-3'-fluoro-2\i'-dideoxyuridine. 
15 16. A method as claimed in claim 15 in which 

the 5-halogeno-3 •-fluoro-2 ',3 '-dideoxyuridine is selected 

from the group consisting of 

5-chloro-3 '-fluoro-2 ' ,3 '-dideoxyuridine, 5-bromo- 
3 '-fluoro-2 ',3 '-dideoxyuridine, 5-iodo-3 '-f luoro- 
20 2 ',3 '-dideoxyuridine and 5-fluoco-3 '-fluoro-2 • ,3 '-dideoxyuridine. 

17. The use of 5-halogeno-3 •-fluoro-2 ' ,3 '-dideoxy- 
uridine for preparing a therapeutic composition against a 
retroviral disease including hepatitis B. 

18. The use of 5-chloro-3 •-fluoro-2 • ,3 '-dideoxy- 
25 uridine for preparing a therapeutic composition against a 

retroviral disease including hepatitis B. 

19. The use of 5-bromo-3'-f luoro-2' ,3 •- 
dideoxyuridine for preparing a therapeutic composition against 
a retroviral disease including hepatitis B. 

20. The use- of 5-iodo-3 •-fluoro-2' ,3 '-dideoxy- 
uridine for preparing a therapeutic composition against 

. a retroviral disease including hepatitis B. 

2*:. The use of 5-fluoro-3 '-fluoro-2 3 '-dideoxy- 
uridine for preparing a therapeutic composition against 
35 a retroviral disease including hepatitis B. 

22. The use of 5-halogeno-3'-f luoro-2 ' ,3 '-diceoxy- 
uridine for preparing a therapeutic composition against 

AIDS or AIDS-related diseases. 

23. The use of 5-chloro-3 •-fluoro-2 • ,3 •-dideoxy- 
uridine for preparing a therapeutic composition against AIDS 
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or AIDS-related diseases. 

24. The use of 5-bromo-3 '-f luoro-2 ' ,3 
dideoxyuridine for preparing a therapeutic composition 
against AIDS or AIDS-related diseases - 
5 25. The use of 5-iodo-3 '-f luoro-2 • ,3 

dideoxyuridine for preparing a therapeutic composition 
against AIDS or AIDS-related diseases. 

26. The use of 5-f luoro-3 '-f luoro-2 • , 3 
dideoxyuridine for preparing a therapeutic composition 
10 against AIDS or AIDS-related diseases. 
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